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transmembrane protein that transports intracellular pyrophosphate (PPi)
to the extracellular milieu. Previous studies have shown that extracellular
PPi and inorganic phosphate (Pi) resulting from PPi hydrolysis affect
cartilage mineralization as well as chondrocyte differentiation. In
addition, several lines of evidences suggest that ANK via its cytoplasmic
N-terminal and C-terminal domains interacts with other proteins and
these interactions may modulate signaling pathway activities. Since ANK
expression is low in normal healthy articular cartilage and its expression
levels increase in OA pathology, we investigated the role of ANK in OA
pathology.
Methods: Human articular chondrocytes isolated from left-over tissue
after knee replacement surgery were transfected with ank expression
vector and cultured in the absence or presence of interleukin-1 (IL-1) and
zoledronic acid, a bisphosphonate and non-hydrolysable PPi analogue.
mRNA levels of markers of articular chondrocytes (aggrecan, Sox-9. type
II collagen), hypertrophic markers (alkaline phosphatase (APase), runx2,
type X collagen), and MMP-13 were determined by real time PCR. NF-úB
activity was determined by transfection of human chondrocytes with
a NF-úB-speciﬁc luciferase reporter plasmid. Mineralization of human
chondrocytes in the absence or presence of PPi and levamisole (to prevent
PPi hydrolysis) was determined using alizarin red S staining. Finally,
femoral head explants isolated from ank/ank mice, which lack functional
ANK, and wild type littermates were cultured in the absence or presence
of IL-1.
Results: Overexpression of ANK in human chondrocytes resulted in
decreased mRNA levels of articular cartilage markers and increased
mRNA levels of hypertrophic markers and MMP-13. Treatment of
human chondrocytes with PPi and levamisole (to prevent hydrolysis
of PPi) resulted in decreased hypertrophic differentiation and MMP-
13 expression but propagation of mineral formation. Consequently,
zoledronic acid increased aggrecan mRNA levels and decreased
hypertrophic marker and MMP-13 mRNA levels in human chondrocyte
cultures in human chondrocytes cultured in the presence or absence
of IL-1. These ﬁndings reveal that increased extracellular Pi levels
as a consequence of extracellular PPi hydrolysis are the cause for
increased hypertrophic differentiation and MMP-13 expression in ANK
expressing articular chondrocytes, whereas increased extracellular PPi
concentrations lead to calcium pyrophosphate mineral formation. ANK
overexpression in human chondrocytes also resulted in increased
luciferase activity of a NF-úB-speciﬁc luciferase reporter. In the presence
of IL-1 the increase of NF-úb activity in ANK overexpressing human
chondrocytes was even more profound than in the absence of IL-1.
The stimulatory role of ANK on NF-úB activity was a consequence of
the interaction of ANK with MYBBP1a, which prevented the shuttling
of MYBBP1a into the nucleus, where it acts as an inhibitor of NF-úB.
Finally, treatment of ank/ank femoral head explants with IL-1 resulted in
a markedly reduced loss of proteoglycans and MMP-13 immunostaining
compared with IL-1-treated wild type explants.
Conclusion: ANK via its regulatory role of PPi/Pi homeostasis and
its interaction with MYBBP1a stimulates hypertrophic differentiation,
mineralization, NF-úB activity, and MMP-13 expression in chondrocytes
during OA pathology. Interfering with ANK-mediated transport of PPi
and/or its interaction with MYBBP1a may provide novel therapeutic
strategies for the treatment of OA.
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Purpose: Calciﬁcation of cartilage is a common ﬁnding during
osteoarthritis (OA) and we have shown in a previous study that
it is directly linked to OA severity. The pyrophosphate pathway is
known to function in keeping the sensitive balance of pyrophosphate
and phosphate, thereby preventing the generation of calcium crystals.
One key player in this pathway is the nucleotide pyrophosphatase
phosphodiesterase (NPP1). In the present study we analysed the
expression of NPP1 in OA cartilage and its effects on changes in cartilage
biology.
Methods: We stimulated chondrocytes with IL-1 and TNFalpa and
analysed the expression of NPP1, using quantitative real time PCR
(qPCR). In 120 consecuitve OA patients, we isolate RNA and assessed the
expression of NPP1, ANK and TNAP by qPCR. We analysed the expression
of NPP1 in induced OA in C57/bl6 mice, as well as in cartilage samples of
OA patients by immunhistochemical stainings.The mouse that carrying
a mutation in the enpp1 gene, was used to measure the calciﬁcation
of cartilage by ﬂuorid PET-scanning and mCT. Using von Kossa in
combination with safranin orange stainings of knee sections, we assessed
the calciﬁcation of articular cartilage and menisci histologically and the
severitiy of OA using the Mankin Score of mouse and human samles.
To investigate cartilage remodelling we performed immunohistological
stainings for collagen I, collagen X, osteopontin and TRAP.
Results: Both tested cytokines downregulate the expression of NPP1.
The expression of NPP1, but not ANK and TNAP, inversely correlated
with cartilage calciﬁcation (p < 0.05) and also with the Mankin-Score.
Such inverse correlation was conﬁrmed in experimental murine OA
and was also seen on protein level. We showed that NPP1mut/mut
mice have more calciﬁcation activity than wild type controls in joints.
NPP1mut/mut mice developed typical OA-like changes as evaluated
by histological analysis as well as in vivo imaging and histological
stainings. Calciﬁcation was associated with increased expression of the
hypertrophic cartilage marker collagen X and the bone marker. We
detected osteoclasts at the interface between bone and cartilage.
Conclusions: We conclude, that NPP1 is an important player in
OA-associated cartilage calciﬁcation. Pathologic calciﬁcation in the
NPP1mut/mut mice leads to cartilage remodelling into bone.These data
suggest that OA is characterized by the re-activation of molecular
signalling cascades leading to cartilage ossiﬁcation and resemble
endochondral ossiﬁcation.
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Purpose: Osteoarthritis (OA) is a highly disabling pathology of the bone-
cartilage unit, with origins being both patient-dependent (weight excess,
trauma . . . ) and genetic. Recently, a locus on Chromosome 7 (7q22) was
linked to knee and hand OA by genome wide association study. In this
locus, the GPR22 gene, which codes for an orphan G-coupled receptor,
is almost absent from healthy cartilage, but strongly upregulated
in OA cartilage. As some aspects of endochondral bone formation
are recapitulated in OA (loss of stable phenotype, hypertrophy), we
investigated the inﬂuence of GPR22 during chondrogenesis.
Methods: We used the ATDC5 chondrogenic cell line. Three independent
stable clonal colonies of each, control (empty vector) and GPR22
overexpressing cells (GPR22+), were selected over 21 days (D)
using geneticin. Clones were cultured as high density micromasses
(2×105 cells/10ml) to mimic the condensation step of developing
cartilage in vivo. Chondrogenesis was induced by culturing cells
for 14D in DMEM/F12 + 5% FBS, supplemented with ITS [insulin
(10mg/ml), transferrin (10mg/ml) and sodium selenite (3 x 10–8 M)].
On D14, cells were switched to mineralization medium (aMEM +
5% FBS, supplemented with ITS) to investigate the mineralization
phase of chondrogenesis. mRNA expression of typical chondrogenesis
markers (Aggrecan (Agg), type II (Col2a1) and X (Col10a1) collagens,
Indian hedgehod (Ihh), transcription factors Sox9 and Runx2, alkaline
phosphatase (Alp) and matrix metalloproteinase (Mmp)-13) were
assessed by quantitative RT-PCR. Quantiﬁcation of Alcian Blue, Sirius red
and Alizarin red staining were used to evaluate proteoglycans, collagens
and mineralized content respectively. ERK1/2 activation, shown to be
enhanced during mineralization, was evaluated by western blot. Cell
proliferation was checked using Neutral red staining, and cell viability
was checked with Live/Dead® cell assay.
Results: During proliferation (D1–7) and hypertrophy (D11–14), Col2a1
mRNA was strongly increased in controls, but not in GPR22+. Agg mRNA
and alcian blue were less upregulated in GPR22+ than in controls. Col10a1
mRNA was detectable on D11, and strongly increased at D14 in controls,
but was signiﬁcantly higher in GPR22+. Sirius red and neutral red
intensity increased over time, and were signiﬁcantly higher in controls.
However, no difference was detected for cell viability. Sox9 mRNA was
increased at D7 in controls, while it remained unchanged in GPR22+.
Ihh and Runx2 mRNA were increased signiﬁcantly at D11 in controls,
while they were at D7 in GPR22+. Alizarin red was negative in controls,
